The cadence and resolution of solar images have been increasing dramatically with the launch of new spacecraft such as STEREO and SDO. This increase in data volume provides new opportunities for solar researchers, but the efficient processing and analysis of these data create new challenges. We introduce a fuzzy-based solar feature-detection system in this article. The proposed system processes SDO/AIA images using fuzzy rules to detect coronal holes and active regions. This system is fast and it can handle different size images. It is tested on six months of solar data (1 October 2010 to 31 March 2011) to generate filling factors (ratio of area of solar feature to area of rest of the solar disc) for active regions and coronal holes. These filling factors are then compared to SDO/EVE/ESP irradiance measurements. The correlation between active-region filling factors and irradiance measurements is found to be very high, which has encouraged us to design a time-series prediction system using Radial Basis Function Networks to predict ESP irradiance measurements from our generated filling factors.
Introduction
The cadence and quality of solar images have been increasing dramatically, especially with the launch of Solar TErrestrial RElations Observatory (STEREO) and Solar Dynamics Observatory (SDO) spacecraft. Although this increase in data, opens new opportunities for investigating different solar phenomena and unveiling the secrets of the Sun, compared to older satellites such as the Solar and Heliospheric Observatory (SOHO) and ground-based observatories, it is becoming impossible to manually investigate and analyse all of the available solar images.
The majority of existing solar-imaging systems focus on detecting individual solar features and processing specific wavelength images. A comprehensive overview of solar imageprocessing techniques that are used in automated solar feature-detection algorithms is presented by Aschwanden (2009) . Most of the algorithms developed so far are complex and, most importantly, depend on empirically determined values. Also many existing algorithms are optimized for specific image sizes, wavelengths, and/or certain solar features.
In this article, a system that uses fuzzy image processing and machine learning to predict solar irradiance is introduced. Once trained properly, fuzzy image processing can be used to detect almost any desired solar feature from almost any type of solar image in a relatively short time. Fuzzy systems can process different-size images and its feature-detection time changes linearly with respect to the size of the image. This is not the first time that fuzzy theory has been applied to solar images. Revathy and Lekshmi (2005) applied a fractal-based fuzzy technique to several channels (304, 171, and 284 Å) of SOHO/Extreme ultraviolet Imaging Telescope (EIT) images to identify active regions and study their characteristics. They concluded that the advantage of such a fuzzybased segmentation lies in the fact that the grade of membership functions labels the pixels into either active or non-active region without further computation, as needed for other segmentation algorithms such as neural network or clustering. Barra, Delouille, and Hochedez (2008) and Barra et al. (2009) applied unsupervised fuzzy clustering to two channels of SOHO/EIT images at the same time. They detected quiet Sun, coronal holes, and active regions using the unsupervised Fuzzy C-Means algorithm and analyzed all the EIT 171 and 195 images for Solar Cycle 23.
In Barra, Delouille, and Hochedez (2008), two channels from SOHO/EIT images, with a maximum time difference of 30 minutes, were processed simultaneously. In this study a supervised fuzzy algorithm is developed to simultaneously process three channels of SDO/Atmospheric Imaging Assembly (AIA) images, separated by a maximum time difference of one minute. This allowed us to investigate the relationship between coronal holes and active regions with irradiance at the micro-level.
Once the method has been trained and the fuzzy classes are defined, the method is fast and can handle images of different sizes. It is tested on a six-month period (1 October 2010 to 31 March 2011) of solar images and filling factors (ratio of area of solar feature to area of entire solar disc) for active regions and coronal holes are calculated. These filling factors are then compared to two channels (ESP 171 and ESP 257) of SDO/Extreme Ultraviolet Variablity Experiment (EVE) irradiance data for the same time period.
Also, a Radial Basis Function Network (RBFN) is trained with filling factors extracted from the AIA images and used for a time-series prediction of the irradiance. The aim of a time-series prediction system is to predict future events based on known past events. RBFN has proven to work well for short-term time-series forecasting techniques (Awad et al., 2009) , and therefore we decided to implement this model for prediction of the irradiance.
This article is organized as follows: Section 2 provides a brief description for the SDO data used in this work. In Section 3, the fuzzy solar-imaging system is introduced. Section 4 provides a comparison between the extracted data from solar images and their corresponding solar-irradiance measurements from EVE. The time-series prediction using RBFN is introduced in Section 5 followed by the conclusions.
